Background: Laparoscopic inguinal hernia repair (LIHR), using a transabdominal preperitoneal (TAPP) or totally extraperitoneal (TEP) technique, is an alternative to conventional open inguinal hernia repair (OIHR). A consensus on outcomes of LIHR when compared with OIHR for primary, unilateral, inguinal hernia has not been reached. Objectives: Perform a meta-analysis of all randomized controlled trials (RCTs) comparing OIHR and LIHR for primary unilateral inguinal hernia. Outcomes were hernia recurrence and surgery-related morbidity. Methods: A comprehensive search for published RCTs comparing LIHR with OIHR for primary, unilateral, and inguinal hernia was performed. Reviews of each study were conducted and data were extracted. Random effect methods were used to combine data. Results: Data were retrieved from 27 RCTs describing 7161 patients. An increased risk in hernia recurrence existed when LIHR was compared with OIHR (relative risk [RR] = 2.06, 95% confidence interval [CI] = 1.26-3.37, P = 0.004). TAPP had equivalent recurrence (RR = 1.14, 95% CI = 0.78-1.68, P = 0.491) but TEP had increased recurrence of risk (RR = 3.72, 95% CI = 1.66-8.35, P = 0.001) relative to OIHR. LIHR was associated with greater perioperative complication risk than OIHR (RR = 1.22, 95% CI = 1.04-1.42, P = 0.015). TAPP (RR = 1.47, 95% CI = 1.18-1.84, P < 0.001) but not TEP (RR = 1.05, 95% CI = 0.85-1.30, P = 0.667) was associated with this increased complication risk. LIHR was associated with reduced risk of chronic pain (RR = 0.66, 95% CI = 0.51-0.87, P = 0.003) and chronic numbness (RR = 0.27, 95% CI = 0.12-0.58, P < 0.001) relative to OIHR. Conclusions: For primary unilateral inguinal hernia, TEP is associated with an increased risk of recurrence relative to OIHR but TAPP is not. TAPP is associated with increased risk of perioperative complications relative to OIHR. LIHR has a reduced risk of chronic pain and numbness relative to OIHR.
S urgical repair of inguinal hernia is a common procedure in adult men with primary, unilateral inguinal hernia representing the majority of cases. 1 Traditional teaching and guidelines recommend that open inguinal hernia repair (OIHR) is the optimal approach for primary, unilateral, inguinal hernia. 2, 3 The most frequently utilized techniques include the Lichenstein, Shouldice, and Bassini repairs. Tension-free mesh repair (Lichenstein technique) is currently considered the criterion standard as results from conventional suture repairs have recurrence rates reported to vary between 0.2% and 25%. 4 Laparoscopic inguinal hernia repair (LIHR) has short-term advantages over open techniques with less postoperative pain and shorter convalescence and sick leave periods. [5] [6] [7] The approaches used From include a transabdominal preperitoneal (TAPP) or totally extraperitoneal patch (TEP) technique. TEP has been adopted as the procedure of choice because of a lower risk of intra-abdominal injuries. 8 However, as the long-term efficacy of LIHR has not been clearly established, LIHR has been recommended only for recurrent or bilateral inguinal hernia. 2, 3 Despite these recommendations and a paucity of evidence, LIHR continues to be carried out for primary, unilateral inguinal hernia. To date, meta-analyses on this subject have compared OIHR with LIHR for all types of inguinal hernia, 7,9,10 but recurrence rates have been found to be higher when LIHR is used for primary as opposed to recurrent inguinal hernia. 1 A consensus from randomized controlled trials (RCTs) that focuses on the efficacy and safety of LIHR must be reached before this procedure can be recommended for primary unilateral inguinal hernia. To address this, a meta-analysis of RCTs that have compared OIHR with LIHR was performed. The aims of this study were to assess recurrence rates and long-term surgery-related morbidity after OIHR and LIHR for primary unilateral inguinal hernia.
MATERIALS AND METHODS

Identification of Studies
MEDLINE and EMBASE were searched by entering the following in the search algorithm: laparoscopy OR laparoscopic AND hernia AND inguinal. The Cochrane Central Register of Controlled Trials was also searched for randomized trials that compared OIHR with LIHR. The latest search was done on March 17, 2011. Two authors (J.P.B. and E.A.O.R.) independently examined the title and abstract of citations and the full texts of potentially eligible trials were obtained; disagreements were resolved by discussion. The reference list of retrieved papers was further screened for additional publications. English was set as a language restriction. Where possible, when data were unclear or incomplete, the corresponding author was contacted to clarify data extraction.
Eligibility Criteria
Only RCTs that directly compared OIHR with LIHR for primary, unilateral inguinal hernia were eligible for inclusion. Studies detailing pediatric hernia, bilateral or recurrent hernia and nonrandomized studies were excluded. The primary endpoint of this metaanalysis was hernia recurrence. Whenever more than 1 publication reported results for the same group of patients, only the report with the longest follow-up was included to avoid data duplication. When 2 studies reported on a group of patients at the same institution with an overlapping time period, the article with the shortest follow-up period was excluded. randomly assigned to treatment and analyzed per arm, mean age, and number of outcome events per arm. The secondary outcomes were the development of perioperative complications and long-term postoperative morbidity (chronic groin pain and numbness). Chronic groin pain and skin numbness were defined as the persistence of symptoms beyond 1 month. The quality of each trial was assessed using the Jadad scoring system. 11
Statistical Analysis
All pooled outcome measures were determined using a random effect model as described by DerSimonian and Laird 12 and the relative risk (RR) was estimated with its variance and 95% confidence interval (CI). The random effect analysis weighted the natural logarithm of each study's RR by the inverse of its variance plus an estimate of the between-study variance in the presence of between-study heterogeneity. As previously described, 13 heterogeneity between RRs for the same outcome between different studies was assessed by use of the I 2 inconsistency test and χ 2 -based Cochran's Q statistic 14 test in which P < 0.05 is taken to indicate the presence of significant heterogeneity. Analyses were conducted using Statsdirect version 2.5.6 (StatsDirect Ltd, Chesire, UK). 
RESULTS
Eligible Studies
Thirty-four published articles describing data on 27 eligible RCTs that directly compared OIHR with LIHR for primary unilateral inguinal hernia were identified (Table 1) . A total of 2246 papers were excluded from the meta-analysis ( Fig. 1) . Seven clinical trials are ongoing, which may ultimately be eligible for inclusion, but no peer-reviewed report has yet been published. 15 A total of 8751 patients were randomly assigned to treatment (4551 in the OIHR arm and 4200 in the LIHR arm), and data were available for analysis from 7161 patients (3768 in the OIHR arm and 3393 in the LIHR arm).
In studies that declared the age of participants, the mean age ranged between 35.6 and 65.5 years across the arms of the included trials. All 27 trials enrolled patients between 1994 and 2004. Nine of the 27 studies were multicenter trials. 1, 4, [16] [17] [18] [19] [20] [21] [22] Twelve trials described the method of power calculation,* and 20 trials described in detail *1, 4, 16, 17, 20, 21, 23-28. the mode of randomization. † Withdrawals were described in detail in 15 trials. ‡ One trial was blinded. 27 Two trials noted a formal pretrial training program for the operating surgeon 16, 20 and 14 trials detailed the LIHR experience of the operating surgeon ( Table 1 ). The median (interquartile range) Jadad score for the included studies was 3 (2-3).
Recurrence
Twenty-four trials reported details of hernia recurrence at a median follow-up range of 0.5 to 70 months. On random effects analysis of 3254 patients who underwent a LIHR and 3620 patients who underwent an OIHR, there was a significant increased risk of recurrence for LIHR (RR = 2.06, 95% CI = 1.26 to 3.37, P = 0.004) ( Fig. 2A) . On subgroup analysis, when TAPP was compared with OIHR, there was no significant difference in recurrence (RR = 1.14, 95% CI = 0.78 to 1.68, P = 0.491) (Fig. 2B ). However, when TEP was compared with OIHR, there was a significant increased risk of recurrence (RR = 3.72, 95% CI = 1.66-8. 35 , P = 0.001) (Fig. 2C) 
Perioperative Morbidity
Eighteen trials described the occurrence of perioperative complications. In a comparison of 2220 patients undergoing LIHR with 2242 patients undergoing OIHR, there was a significant increased risk of perioperative complications in those undergoing LIHR (RR = 1.22, 95% CI = 1.04-1.42, P = 0.015) (Fig. 3A) . On subgroup analysis, when TAPP was compared with OIHR, there was an increased risk of perioperative complications in those undergoing TAPP (RR = 1.47, 95% CI = 1.18-1.84, P < 0.001) (Fig. 3B ). However, when TEP was compared with OIHR, there was no difference in perioperative complication risk (RR = 1.05, 95% CI = 0.85-1.30, P = 0.667) (Fig.  3C ).
Chronic Groin Pain
Fourteen trials described the occurrence of chronic groin pain with patient follow-up ranging from 1 to 70 months. In a comparison of 1975 patients undergoing LIHR with 2234 patients undergoing OIHR, there was significantly reduced risk of chronic groin pain in those undergoing LIHR (RR = 0.66, 95% CI = 0.51-0.87, P = 0.003) (Fig. 4A ). On subgroup analysis, when TAPP was compared with OIHR, there continued to be a reduced risk of chronic groin pain (RR = 0.66, 95% CI = 0.50 to 0.87, P = 0.003) (Fig. 4B ). However, when TEP was compared with OIHR, the reduced risk in chronic groin pain was not significant (RR = 0.81, 95% CI = 0.45-1.44, P = 0.465) (Fig. 4C ).
Chronic Groin Numbness
Eight trials described the occurrence of chronic groin numbness with patient follow-up ranging from 3 to 60 months. In a comparison of 1601 patients undergoing LIHR with 1791 patients undergoing OIHR, there was a significantly reduced risk of chronic groin numbness in those undergoing LIHR (RR = 0.27, 95% CI = 0.12-0.58, 
Potential Bias
The populations were evenly distributed by age, sex, and Nyhus classification. 41.6% of the patient data in the TEP versus OIHR recurrence analysis were retrieved from the trial by Eklund et al in which 1 of 22 surgeons was responsible for 33% of all recurrences LIHR recurrences, 4 this is a potential source of bias.
DISCUSSION
The present study has demonstrated that OIHR has a significantly reduced risk of recurrence when compared with TEP for primary, unilateral inguinal hernia. TAPP has an increased perioperative complication rate, and overall, LIHR has reduced chronic groin pain and numbness when compared with OIHR.
The optimal management of primary unilateral inguinal hernia continues to undergo evolutionary change. Proponents of LIHR suggest that OIHR provides diminished therapeutic benefit while exposing patients to significant potential morbidity. Conversely, others advocate that LIHR is associated with increased recurrence rates and the associated morbidity of OIHR is overstated by LIHR enthusiasts. This ongoing controversy compelled us to evaluate reliable and robust published data on the recurrence risk and associated longterm morbidity of these 2 approaches. This meta-analysis comprises all currently available data from RCTs comparing OIHR and LIHR for primary, unilateral inguinal hernia, thereby providing a reliable assessment of long-term outcome.
One meta-analysis comparing OIHR and LIHR reports a recurrence rate of 2.7% for open repair and 5.5% for laparoscopic repair (both TEP and TAPP) after a follow-up of 28 months. 9 A Cochrane review of 41 randomized trials with a total of 7161 patients reports a lower recurrence rate after laparoscopic compared with open nonmesh repair. There was, however, no difference in recurrence rate after laparoscopic compared with open mesh repair. The authors concluded that the lower recurrence rate is related to the use of mesh rather than to how the mesh was placed. 10 These meta-analyses included trials with recurrent and bilateral hernia. However, the pattern of recurrence after surgery for primary and recurrent inguinal hernia is different. Recurrence is significantly more common after LIHR than after OIHR for primary, unilateral inguinal hernia but rates of recurrence after repair of recurrent hernias are similar in the 2 groups. 1 Indeed, a recent meta-analysis comparing exclusively LIHR with OIHR for recurrent inguinal hernia found no difference in recurrence. 39 The present data suggest that the increased recurrence rate after LIHR is due to the use of the TEP technique as there was no significant difference in hernia recurrence when TAPP was compared with OIHR.
The prior observation that TEP is associated with reduced perioperative morbidity when compared with TAPP 8 has been confirmed in the current study when both techniques were individually compared with OIHR. Although TEP is the preferred technique for LIHR, it has not been accepted as the criterion standard of inguinal hernia repair. According to the Swedish hernia register, the frequency of laparoscopic hernia repair has reduced over time. In the first half of the 1990s, 20% of all registered inguinal hernias were repaired laparoscopically; this, however, decreased to 9% in 2006 reflecting reduced confidence in the technique. 4 Known risk factors for recurrence after TEP LIHR include the surgeon's age being less than 45 years, presence of postoperative pain, a short operating time, and procedural inexperience. 4, 40 A reason which has been proposed for the increased recurrence rates after TEP is the complexity of the technique and the relatively long learning curve; it is estimated that 80 to 250 procedures are needed to overcome the learning phase. 1, 41 However, if this was the sole reason for the increased recurrence rates observed after TEP, then a similar pattern of recurrence would be observed in the TAPP group. The increased recurrence rates observed may be related to the management of the hernia sac. During a TEP repair, the hernia sac is invaginated, but a recent analysis of 48,433 operations for indirect inguinal hernia revealed that the 5-year cumulative reoperation incidence was 1.7% for hernial sac excision or division but 2.7% for invagination. 42 From randomized trials and meta-analyses, it appears that LIHR is superior to OIHR in the early postoperative period, being associated with less pain, and a shorter convalescence 5,6,37,43 but the long-term results are less clear. The present study has demonstrated that overall there is reduced postoperative chronic groin pain and numbness in those undergoing LIHR relative to an OIHR. This does not seem, however, to affect patient satisfaction as scores are the same between OIHR and LIHR, 29 and when asked whether hernia recurrence or speed of recovery is the most important factor after hernia repair, 74% of patients felt hernia recurrence is the most important. 25 To reduce the risk of bias, the current analysis has combined data from randomized clinical trials only. A larger cohort would have been achieved had data from observational studies been included. Although the inclusion criteria were stringent in the present study, an element of selection bias may have been introduced by their use. However, given the accumulated evidence to date and the absence of significant trial heterogeneity, the overall summary estimates for the primary outcomes in the present study are unlikely to have changed by inclusion of observational studies or less stringent inclusion criteria.
The present meta-analysis demonstrates that LIHR, specifically TAPP, is inferior to OIHR with regard to perioperative morbidity. LIHR is superior to OIHR in relation to chronic groin pain and numbness. OIHR is equivalent to TAPP but superior to TEP in terms of recurrence after surgery for primary, unilateral inguinal hernia. Further randomized studies are necessary to evaluate the efficacy of TEP before it can be recommended in this setting.
